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Introduction 
Although opinions differ on a concise definition of the term, few would 
disagree that the principles of sustainability are founded on common 
sense, and indeed that the preservation of the quality of life of present 
and future generations depends upon their adoption. Whilst there is 
considerable public support for the notion of sustainability, and for 
conservation matters in general, sentiment alone is insufficient to secure 
the changes necessary if we are to fully embrace the concept. 
Sustainability, if grasped seriously, involves a radical alteration in 
humanity's attitude to lifestyle, integrating the values of the global 
ecosystem into its own set of values. It entails adopting those attitudes 
and actions which place the human race firmly within the global 
ecosystem, and not parasitic upon it. 
The National Rivers Authority (NRA) is responsible throughout England 
and Wales for exercising a variety of powers and duties relating to 
"Controlled Waters", and arising predominantly from the Water 
Resources Act 1991. The term "Controlled Waters" covers rivers and 
canals, lakes, groundwater, estuaries and coastal waters. In performing 
its operational duties in respect of water quality, the NRA makes 
extensive use of non-statutory environmental quality objectives (EQSs) as 
targets for the protection of aquatic ecosystems. The NRA's strategic 
approach to the management of river quality has also included proposals 
for a scheme of statutory water quality objectives (NRA 1991; DoE 
1992a). 
The aim of this paper is to explore the potential role that quality 
objectives, particularly when backed by statutory force, may play in the 
sustainable management of river water quality. 
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Obstacles to the implementation of sustainable policy 
Although the available science suggests that many sectors of human 
activity are far from sustainable, the implementation of policies 
compatible with the principle of sustainability has been slow to gain 
momentum. A variety of factors contribute to this inertia. These factors 
include the democratic system which dissuades politicians from 
promoting policies which prejudice the short-term economic welfare 
and material quality of life of their immediate electorate, and the 
structure of corporate economies which demand a short-term return on 
investment irrespective of longer-term environmental impacts where no 
specific legal liability exists for damage caused. Such obstacles exist 
because the values that the environment bestows upon humanity are 
largely considered as free and unlimited, and are therefore effectively 
quantified as valueless. The challenge therefore is to bring about the 
integration of human activities with the needs of the environment, and to 
ascribe values to the environment and to human benefits on the same 
terms (Pearce 1993). Not to do so would be to perpetuate the traditional 
view that the two sets of needs are in conflict. 
Valuation of the environment 
It is clear that sustainability wi l l only be achieved once the needs of man 
and the needs of the environment are considered in concert, recognising 
that a healthy environment has a tangible value. This value is not only 
intrinsic, but can also be quantified in terms of the benefits it confers 
upon humanity. One means of addressing this integration of needs is the 
conversion of both to the same currency (Postle 1993), enabling them 
equal consideration around the same negotiating table. The relatively 
new field of environmental economics is one of the means that has been 
developed to enable this integration of ecology and economy. Various 
approaches have been taken towards monetisation of the environment. 
For the purposes of this paper, these approaches are considered under 
two broad categories: exclusive and inclusive techniques. In addition to 
these techniques, consideration is given to those circumstances in which 
an approach other than economics would be favoured. 
Exclusive valuation techniques 
Exclusive economic valuation techniques are defined here as those 
which produce a monetary value for the preservation of species and 
ecosystems. These techniques treat the protected species or organism as 
a "museum piece" with little or no tangible value to humanity, and may 
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otherwise be referred to as non-use values. Since no quantifiable benefit 
is identified, non-use valuation techniques identify a net overall cost 
entailed in resource protection with no quantified benefit identified to 
offset it. Exclusive approaches therefore reinforce the traditional view 
that the needs of the environment are in conflict with the needs of 
humanity, effectively excluding them from the market-place. 
Option, bequest and existence values are non-use values related to the 
preservation of species and ecosystems. Option value may be loosely 
related to a human use in that it is a value related to potential future uses 
of a resource. The protection of surface water quality to enable the siting 
of an abstraction point for potable supply at some time in the future is a 
good example of an option value applied to a defined use. However, 
option values are frequently used to ascribe non-use values in the same 
manner as bequest values. Bequest value is based on the rights of future 
generations to inherit a world of comparable quality to that enjoyed by 
the current generation. Existence value is based on altruistic desire, most 
frequently assessed subjectively through the willingness of people to pay 
for the continued existence of an organism or habitat, t he valuation 
techniques generally applied to ascribe financial figures to these non-use 
values include replacement cost, contingent valuation, travel cost, 
hedonic pricing and avertive expenditure (Postle 1993). Arguably, the 
replacement cost technique is the only truly non-benefit related 
valuation method as it identifies solely the engineering costs of 
reinstating or preserving a habitat. 
In practice, exclusive approaches are difficult to implement as they 
rely heavily upon subjective judgements as to an individual's 
"willingness to pay", or make assumptions that habitats can be recreated 
or species reintroduced successfully. They also tend to overlook loss of 
genetic diversity within species. One of the major weaknesses of 
exclusive valuation techniques, however, is that value is ascribed on a 
static basis. The value ascribed therefore reflects the costs of preserving 
the ecosystem, exclusive of actual benefits accruing from the ecosystem. 
These so-called exclusive techniques therefore place the benefits arising 
from rivers outside the market-place, ascribing a net negative cost, and 
they provide no incentive for further improvements to the environment 
nor extension of protective measures to buffer zones surrounding the 
identified habitat. A good example of the negative incentive produced by 
exclusive techniques is seen in the SSSI system (Sites of Special Scientific 
Interest) in England, which depends largely upon voluntary management 
agreements, the benefits of which are not quantifiable for those bearing 
the costs of management activities. Clover (1994) has recently high-
lighted the trend in degradation of SSSIs, which may be at least partially 
resultant from the lack of clear incentives for their protection. 
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Inclusive valuation techniques 
Inclusive economic valuation techniques are those that quantify actual 
benefits accruing from the environment. These values relate to human 
uses which may provide tangible quantifiable benefits, and may include 
abstraction of potable water, fisheries, recreational activities, and so forth. 
As discussed previously, option values - in certain closely prescribed 
circumstances - may also be considered as inclusive. The strength of the 
inclusive approach is that it enables the identification of values in hard 
economic terms based upon tangible benefits. The subjective element of 
quantifying benefits is therefore minimised, placing the needs of 
environment and society on a level playing field. It is however essential to 
take account of the full range of benefits accruing from the habitat, and 
not to become blinkered by a limited portfolio of local benefits. These 
values should ideally span a range of scales, including global, functional, 
habitat and anthropogenic values (Denny 1991). 
The inclusive valuation approach is consistent with the aim, identified 
in Agenda 21 of the Rio de Janeiro "Earth Summit", of integrating 
environmental and socio-economic factors (United Nations 1993). 
Where valuation techniques appear to be untenable 
There are, however, cases where approaches other than economic 
valuation are favoured. These cases would include, for example, the 
preservation of a critical minimum reserve of rare habitat, specified as 
"critical natural capital" for different types of environmental assets 
(English Nature 1992). The principle that applies in these cases is that, 
since the resource is genuinely non-replaceable, it is essential to preserve 
it and therefore no tradeable value should be applied (Jacobs 1991; 
English Nature 1992). In practice, the identification of these critical 
minimum reserves has been difficult to conduct, although the SSSI system 
may be used as the basis for identifying suitable candidate habitats. The 
protection of groundwater resources may also be viewed as non-tradeable 
capital as, once contaminated, they may prove impossible to rehabilitate. 
From a purely economic perspective, contaminated groundwater may be 
replaced by surface reservoirs, although in practice this may be socially 
or financially unfeasible, and the additional environmental costs resulting 
from the development of a reservoir must be considered. 
In practice, difficulties have been experienced in identifying "critical 
natural capital", and the best prospect for conservation would appear to 
be through valuation techniques. Difficulties are also likely to arise from 
the lack of incentive arising from a static, preserved resource, as 
discussed for exclusive valuation techniques. 
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An amalgam of valuation techniques 
In practice it may be necessary to apply both types of valuation 
techniques, in addition to non-monetary valuation, in assessing the cost-
benefit argument for development, or for environmental improvement or 
protection schemes. However, the use of inclusive techniques is 
favoured as, unlike other approaches, they put in place an incentive for 
further environmental improvement, both directly to the affected habitat 
and potentially to surrounding buffer zones. Denny (1994) introduces an 
approach to the multi-dimensional benefits arising from wetland eco-
systems. The set of approaches used should be selected to ensure that 
environmental goods and services, particularly where they do not 
constitute part of the "critical natural capital", are given equal weighting 
to the identified costs of development schemes in the decision-making 
process. 
Human exploitation of the river environment 
All living things are dependent upon water. It was therefore natural that, 
during our evolution, human populations should be centred around 
rivers and lakes. Initially, this wi l l have been in response to biological 
requirements: for drinking, cooking and washing purposes, as a direct 
source of food, and for irrigation. However, as human civilisations 
developed, they came to exploit rivers, and river ecosystems, not only to 
fulfil basic biological needs but also as major transportation and trading 
routes, as a medium for the disposal of wastes, as a source of minerals, 
and for recreation (boating, bathing, angling, bird watching, etc.). 
Each of these uses of rivers relies upon the water being of an 
appropriate quality to support that use. However, human activities have 
had a well-documented deleterious impact upon the quality of river 
water. If we are to fully embrace the principles of sustainability, we must 
discover ways of balancing the requirements we place upon the rivers, 
as well as the requirements of river ecosystems themselves, with the 
impacts we exert upon them. 
Protection of the water environment 
Whilst society has been quick to recognise and make use of the benefits 
accruing from rivers, it has been less rapid in recognising the range of 
problems caused by its activities. Nevertheless, water quality legislation 
has a long pedigree. 
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The early days of pollution control 
Forerunners of contemporary pollution control strategies focused 
primarily upon those activities implicated in harming the river environ-
ment, rather than directly upon the quality of the rivers themselves. The 
earliest recorded water quality Regulation was put in place by King 
Richard II in 1388. This Regulation forbade the dumping of animal 
remains in rivers, and the penalty for failure to comply was death. The 
consequences of non-compliance with subsequent legislation have been 
by comparison more lax. Up until the 1960s, the focus of water pollution 
control lay with consenting discharges according to the nature and size of 
the treatment works, or on controls related to specific sectors of industry. 
The National Water Council revolution 
It was not until the late 1970s that the needs of the receiving water 
became the prime focus of water quality planning, and this was enabled 
through implementation of the National Water Council (NWC) 
classification in 1979. The NWC classification consists of tiered quality 
classes, defined by quality standards for a variety of chemical and 
aesthetic parameters. River stretches were assigned quality targets on the 
basis of NWC classes, enabling the then Water Authorities to base water 
quality planning decisions (primarily through discharge control) on the 
requirements of the receiving water. 
It has recently become necessary to implement new water quality 
classification schemes to replace the NWC scheme, owing to the 
implementation of new standards through Regulations arising from EC 
Directives (relating to dangerous substances, bathing water quality, 
surface waters abstracted for potable supply, freshwater fisheries, etc.) 
and from domestic legislation, and to take account of more recent 
ecotoxicological data. Nevertheless, it should not be forgotten that the 
implementation of the NWC scheme represented a significant revolution 
in pollution control philosophy. 
Statutory water quality objectives (WQOs) 
One of the weaknesses of the NWC scheme lay in the fact that it was 
only loosely based upon the uses to which rivers are put. The rivers of 
England and Wales flow from a diversity of geomorphological and land-
use types, giving rise to a broad range of river quality. The dense 
population of England and Wales also uses its rivers for a diversity of 
purposes, and a variety of different uses may apply to any particular 
stretch of river. It is therefore important to consider the quality 
requirements necessary to support a broad range of river uses, in order to 
plan effectively for the protection of river quality. 
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Statutory water quality objectives (VVQOs) were introduced under the 
Water Resources Act 1991. Their purpose is to establish clear quality 
targets in Controlled Waters, on a statutory basis, to provide a 
commonly-agreed planning framework for regulatory bodies and 
dischargers alike. The W Q O scheme is use-related, based upon a suite 
of classification schemes defined by water quality standards appropriate 
to the requirements of various identified river uses. Within any one use, 
a range of tiered use classes may apply, representing a graduation of 
quality requirements. For rivers, five uses are envisaged: River 
Ecosystem; Special Ecosystem; Abstraction for Potable Supply; 
Agricultural/Industrial Abstraction; Watersports (DoE 1992a). Whereas 
the last three of these uses are directly related to human exploitation of 
rivers, the River Ecosystem and Special Ecosystem uses are primarily 
based upon the needs of the ecosystem. Nevertheless, it is recognised 
that the protection of ecosystem health gives rise to a range of calculable 
human benefits, for example: general amenity, fisheries, conservation 
value, property value, etc. 
The River Ecosystem use is the backbone of the WQO scheme, and will 
be applied to virtually all stretches of river throughout England and 
Wales. The standards which define the River Ecosystem classification are 
selected to provide protection to aquatic ecosystems, and are based upon 
seven of the most commonly encountered determinands known to result 
in toxic effects in fish and in the ecosystems that support fish populations. 
These determinands are: dissolved oxygen; biochemical oxygen demand 
(BOD); total ammonia; unionised ammonia; pH; zinc; copper. To date, 
River Ecosystem is the only W Q O use for which the Government has 
produced Regulations (SI 1057, 1994). The NRA has proposed a 
classification scheme supporting the Special Ecosystem use, but 
Government has not yet consulted upon these recommendations. The 
purpose of the Special Ecosystem use is to provide protection for aquatic 
ecosystems of high conservation value, and focuses on nutrients 
implicated in ecosystem change rather than upon substances giving rise 
directly to toxic effects. The NRA's Special Ecosystem proposals are based 
on ortho-phosphate concentrations, as ortho-phosphate represents bio-
available phosphorus, and is also strongly implicated in eutrophication 
processes in temperate freshwater ecosystems, as it is generally found to 
be the limiting nutrient (Hutchinson 1957; Ruttner 1963; DoE 1992b; 
Irving 1993). Direct inputs of ortho-phosphate are also largely 
controllable in terms of point source discharges, and ortho-phosphate is 
more amenable to control than nitrogen (Hayes & Greene 1984). Stand-
ards supporting the remaining river uses are still under development. 
W Q O quality targets wil l comprise two parts: a target class, and a target 
date by which compliance should be achieved. On a stretch-by-stretch 
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basis within whole river catchments, the NRA will propose target use 
classes based on current and desired river uses, current water quality, and 
the investment available to improve water quality, also taking account of 
complicating factors such as acidification or complex industrial discharges. 
A target date will be proposed to reflect the completion of water quality 
improvement schemes by industry and/or agriculture. The NRA will then 
consult upon these proposals with the local population, including local 
interest groups and major dischargers within the river catchment. 
Following any necessary revision, the NRA will submit its proposals to 
Government, which will undertake a formal consultation process to further 
ensure that the views of all interested parties are represented. The 
Secretary of State will then formally set the WQOs by serving Notice upon 
the NRA, which will then be under a duty to use the pollution control 
powers at its disposal to ensure compliance with WQOs. 
The W Q O scheme therefore builds upon the strengths of the NWC 
scheme in that it places the requirements of the receiving water at the 
centre of pollution control considerations. However, it goes further by 
recognising a broader range of uses to which river stretches are placed, 
that a range of different uses may apply to river stretches, and it also 
places the quality requirements upon a statutory footing. This 
identification of uses provides a framework for valuation of benefits. 
The role of water quality objectives in defining benefits 
The W Q O scheme recognises a broad range of uses to which rivers may 
be put, defining use classes by the quality standards necessary to support 
the uses. The use classes applying to a river stretch therefore provide a 
clear identification of the benefits, both current and future, which can 
accrue from the protection of river quality, as well as an indication of the 
feasibility of meeting, or the actions necessary to meet, the associated 
quality requirements. By identifying the range of WQO uses to which we 
may desire to put stretches of river, we are therefore able to consider both 
the benefits to the local community and the actions they must take to 
protect the quality of the river. Quality objectives therefore create a clear 
negotiating framework, through consultation with those beneficiaries and 
investors in river catchments, for consensus upon desired river uses and 
the steps necessary to maintain or improve river quality sufficiently to 
support them. Inevitably, this will involve compromise between interest 
groups. 
The resultant objectives, once agreed and set, provide a basis for the 
calculation of discharge consents and pollution control practices based 
upon the likely requirements of the river stretch. The approach therefore 
has both ecological and economic relevance. The benefits arising from 
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protection of river quality are clear to those with an interest in the river 
catchment, and the use class standards provide unambiguous objectives 
for the protection of river quality. 
A framework for cost-benefit analysis 
In turn, the monetisation of benefits and the costs associated with 
meeting objectives is facilitated through the identification of a clear set 
of desired use classes defined by firm standards. Work is currently under 
way within the NRA to more effectively monetise these identified uses 
(Postle 1993). Although still a developing field, this approach of applying 
"inclusive" techniques is at least based upon firmer foundations than the 
more subjective "exclusive" valuation techniques, which rely upon such 
methods as "willingness to pay". Monetary values ascribed to benefits 
and costs are therefore both tangible in terms of the market place, 
bringing economic and ecological considerations onto the same footing. 
This provides the basis for consultation based upon actual economic 
arguments in which the environment is no longer considered valueless, 
but has a strong voice at the negotiating table. 
As observed previously, it may not be possible to utilise inclusive 
valuation techniques exclusively in practice, as some of the largest and 
most important benefits of water quality improvements may be 
associated with non-use value, for example for the protection of rare 
species or of "critical natural capital" habitat. However, the application 
of predominantly inclusive valuation techniques provides an incentive 
for further environmental improvements beyond target levels, within and 
around the affected river stretches, and particularly where the river 
stretch is not deemed to constitute "critical natural capital". 
Conclusions 
Improved pollution control and prevention technology certainly has a 
role to play in decreasing the damaging impacts arising from human 
activity: domestic, industrial and agricultural. However, to a large extent 
the application of this technology is retrospective. Any serious 
implementation of the principles of sustainability wil l involve a radical 
alteration in attitude and action to integrate human activity within the 
context of the global ecosystem. 
As a preliminary step on this journey, integration of economy and 
ecology through quality objectives provides a framework for negotiating 
upon an acceptable compromise between needs which have historically 
been viewed as conflicting. This is possible through valuation of identi-
fied uses, thereby placing benefits on the same negotiating table as the 
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costs entailed in meeting the quality requirements necessary to support 
them. It is then for local consultation, against a backdrop of national 
and/or international policy, to provide the compromises necessary. This 
approach embraces the principle of "global thought; local planning". 
It is recognised that currently there are shortcomings in our monetisation 
techniques, particularly in relation to placing values on the environment 
where the scope for human exploitation is less clear. However, research 
and development is currently under way in this area, and it is hoped that 
valuation techniques, acceptable to both dischargers and regulators alike, 
wil l become available over the next few years. By tying the decision-
making process into the economic systems by clear identification and 
quantification of benefits accruing, one is able to relate benefits directly to 
the investment necessary to deliver them. This approach also creates 
incentive for further environmental improvements to river stretches. 
Eventually, it may be possible to apply similar valuation techniques to 
classification schemes supporting river flow or habitat structure. This 
may eventually provide us with the opportunity to undertake an holistic 
cost-benefit assessment of the entire river ecosystem through the 
catchment management planning process. 
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